The present research in the study of the effect of application of natural bio-stimulants and slow-release fertilisers on commercial production of begonia (Begonia semperflorens) saplings. Two types of containers were deployed in the production process, whereas the results of the experimental research showed that the application of both slow-release fertilizers and natural bio-stimulants in further production is only justifiable in cases when largevolume containers are deployed in commercial production of sapling. The application of those significantly influences the increase in stalk weight, number of sprouts and number of blossoms. The application of natural bio-stimulants may be justifiable with the saplings that have previously been produced in smaller containers, since they have auspicious effect upon development of the root, i.e. upon its length.
I n t r o d u c t i o n
Begonia semperflorens -begonia, belongs to the group of annual flower plants. In our climate conditions begonia comes into flower during the period from the beginning of May till the late autumn, which ranges it into the group of our most wanted seasonal flowers. This flower species is characterized by a rather long period of vegetation, and therefore its production usually commences during the winter season. The glasshouses or plastic hothouses of glasshouse type are required for successful cultivation of this breed of flowers. Majority of our flower growers perform the process of flower sapling production in superseeded or improvised facilities deploying the outdated technologies, hence as a result many problems occur during the production process, and the products of inadequate quality appear in the market.
Previous practices in production of flower saplings indicate insufficient awareness of the intensive production systems and of the advantages they offer. The contemporary sapling production, besides deployment of diverse container production systems (M a r k o v i ć et al., 1992) is also based upon the application of various bio-stimulants and slow-release fertilizers (H a n i ć , 2000., B e a t o v i ć et al., 2006 ).
The aim of this research study is to gain insight into the effects of application of natural bio-stimulants and slow-release fertilizers on state-of-art commercial production of begonia saplings.
Materials and Methods
The experiment was prepared and conducted at the Belgrade Faculty of Agriculture greenhouse. The annual flowers species Begonia semperflorensPresident were the subject of the experiment. The experiment was conducted in two phases.
In the first phase, sowing of the seeds was performed, i.e. production of begonia saplings, in two containers: type I, containing 144 cells or 870 plants/m 2 , and type II, containing 230 cells or 1640 plants/m 2 , planted into the ready-made commercial substrate for seeding. As soon as the plants formed two pairs of permanent leaves, transplantation of the saplings into the 9cm flowerpots containing the convenient substrate (Floragard) was performed, and the experiment entered its second phase in which the impact of natural bio-stimulants and slow-release fertilizers was conducted through the following treatments:
1. convenient substrate -control group 2. convenient substrate + natural 'bio-stimulant' (33% essence of wetland weeds of Laminaria sp. family) in the ratio 2 ml/l of water 3. convenient substrate + slow-release fertilizer NPK (in the proportion 15:9:9 + MgO + Me) in the ratio 1.2 g/l of substrate.
The natural bio-stimulant was used once a week when watering the plants, dosed in 2 ml/l of water till the emergence of first sprouts. The slow-release fertilizer was added to the substrate prior to filling the flowerpots. Production of the sapling was conducted with implementation of the state-of-art cultivating technologies and with day-to-day control, and monitoring of all relevant parameters meant to provide successful cultivation (day and night temperature levels, relative air humidity, humidity of the substrate).
Concurrently with emergence of first flower sprouts the analysis of all parameters relevant to the quality of begonia sapling was performed, such as: stalk weight (g), root length (cm), root weight (g), number of blossoms and number of flower sprouts.
The analysis of the data obtained through the experiment and evaluation of their significance was performed by variance analysis and LSD test upon the relevant data, these being converted beforehand since the provisons of parametric testing had not been attained with the original values, and the nonparametric testing was not developed for the purpose of bi-factorial experimental plans. The homogeneousness of the data within the samples and the homogeneousness of the variances for the property stalk weight was attained by logX transformation, and transformation for the property number of sprouts. Heterogeneousness of the variances for the root property was not decreased, but homogeneousness of the root length values was obtained by logX transformation and homogeneousness of the data for the root weight was increased by log(X+1) transformation.
Results and Arguments
As for the examined property root length, the lowest variability was established in the control variant of the saplings produced in both container types (Table 1 .) In the variant with the slow-release fertilizer the lowest variability was distinguished by the property stalk weight.
In the case of bio-stimulants application the most homogeneous property was the stalk weight of the plants previously produced in the type I container, and the root length with the plants previously produced in the type II containers (Table  1. ). As for the plants produced in the second type of containers prior to transplantation, the property with highest variability in all examined variants was the number of sprouts. The property with highest variability with the plants produced in the larger containers (type I) prior to transplantation was the number of blossoms in the control variant, root weight and number of sprouts in the variant with bio-stimulant, and the number of sprouts in the variant with the slowrelease fertilizer. The analysed parameter number of sprouts demonstrated the highest variability quotient. According to C r o s s (1996), the selection of the appropriate container is a crucial factor for successful production of flower saplings in general and therefore of begonia saplings as well. The results obtained by multivariate variance analysis (MANOVA) given in the Table 3 . below indicate that the properties stalk weight, root weight, root length and number of blossoms depend of the selected volume of the container to be used for the production with a very high level of statistical significance, while the property number of blossoms does not. From the data given in the Table 3 ., it may also be noticed that application of natural bio-stimulants and slow-release fertilizers in the course of further production of sapling does not have statistically significant influence upon the average values of the stalk weight, average number of blossoms and average number of sprouts, while it does have statistically very significant influence over the average root length and average root weight.
Interaction of the container -treatment factors (Table 3 .) has statistically very significant influence on the stalk weight, average root length and average root weight.
The number of levels of analysed factors taken into account, the individual LSD test was applied upon the treatments and the interaction of containertreatment factors ( 
The application of the natural bio-stimulants does not have statistically significant influence on the increase of average values of the monitored properties as against the values of the control sample.
The average root length decreases at statistically very significant rate with the application of slow-release fertilizers, and the average root weight increases as against the values of the control sample and the variant with natural biostimulants applied.
The average number of blossoms and average number of sprouts obtained through the application of slow-release fertilizers (Table 4 .) is higher with statistically higher significance than the average number of blossoms obtained in the control sample. By examining the interaction significance level by LSD test (Table 5 .) the conclusion was reached for the analysed parameter stalk weight. The application of slow-release fertilizers is only justifiable in the case of larger containers (type I) used beforehand in the production of the begonia saplings, since the average stalk weight (24.48 g) increases with very high statistical significance as against the control sample (18.13 g) and with some statistical significance as against the application of bio-stimulants (23.52 g), whose data are concurrent with the data obtained by the researches of M a r s c h n e r (1995) and B e l g e r (1989).
The application of natural bio-stimulants influences increase of average stalk weight of the plants, notwithstanding the type of the container selected for the production of sapling, but this increase is not statistically significant (Table 5. ). In the case of bio-stimulants applied on plants previously produced in the smaller containers (type II), similar average stalk weight is obtained as with the plants produced in the larger container of the control variant. The application of slow-release fertilizers on begonia saplings previously produced in the small containers (type II) has statistically very significant influence on decrease of both average root length and average root weight as well (Table 6 . and 7.), while upon the begonia saplings previously produced in the large containers (type I) it has no influence at all. Furthermore, the application of natural bio-stimulants on the begonia saplings previously produced in the small containers (type II) does not cause statistically significant increase of average root length and average root weight as against the control sample values. By their application approximately the same root length is obtained as in the control variant of plants in whose production large containers (type I) have been used.
The average number of blossoms and average number of sprouts formed with the begonia saplings previously produced in the small containers (type II) does not change statistically significant by, despile the application of bio-stimulants or slow-release fertilizers (Table 8 . and 9.). The average number of blossoms is increased with high level of statistical significance if the sapling is produced beforehand in the large containers (type I), whose data are concurrent with the data reported by the researches of B e l g e r (1989). The number of sprouts formed is increased with very high level of statistical significance due to the application of slow-release fertilizers on the sapling of begonia previously produced in the large containers ( 
C o n c l u s i o n
On the basis of the research results obtained, the following conclusions may be established:
-adequate selection of containers used in the production of the begonia sapling represents the core condition of successful production of high quality sapling. Advantage should be given to larger containers for seeding, i.e. production of sapling;
-the effect of application of slow-release fertilizers and natural biostimulants in the course of further production of begonia sapling is directly dependent on the volume of containers used beforehand in the production of the sapling;
-the use of larger containers in the production of the sapling produces positive effects of the application of slow-release fertilizers on the examined parameters of the sapling quality, these parameters being stalk weight, number of sprouts and number of blossoms;
-by the application of natural bio-stimulants positive effect is attained only on the root length of the saplings produced beforehand in the small containers, so the average root length of these may reach the average root length of the plants produced in the large containers.
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